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Abstract
Background: Data on the impact of empirical antibiotic treatment (EAT) on patient outcome in a population-based
setting are sparse. We assessed the association between EAT and the risk of recurrence within one year, short-term-
(2–30 days) and long-term (31–365 days) mortality in a Danish cohort of bacteraemia patients.
Methods: A cohort study including all patients hospitalized with incident bacteraemia during 2007–2008 in the
Copenhagen City and County areas and the North Denmark Region. EAT was defined as the antibiotic treatment
given at the 1st notification of a positive blood culture. The definition of recurrence took account of pathogen
species, site of infection, and time frame and was not restricted to homologous pathogens. The vital status was
determined through the civil registration system. Association estimates between EAT and the outcomes were
estimated by Cox and logistic regression models.
Results: In 6483 eligible patients, 712 (11%) had a recurrent episode. A total of 3778 (58%) patients received
appropriate EAT, 1290 (20%) received inappropriate EAT, while EAT status was unrecorded for 1415 (22%)
patients. The 2–30 day mortality was 15.1%, 17.4% and 19.2% in patients receiving appropriate EAT, inappropriate EAT,
and unknown EAT, respectively. Among patients alive on day 30, the 31–365 day mortality was 22.3% in patients given
appropriate EAT compared to 30.7% in those given inappropriate EAT. Inappropriate EAT was independently associated
with recurrence (HR 1.25; 95% CI = 1.03–1.52) and long-term mortality (OR 1.35; 95% CI = 1.10–1.60), but not with
short-term mortality (OR 0.85; 95% CI = 0.70–1.02) after bacteraemia.
Conclusions: Our data indicate that appropriate EAT is associated with reduced incidence of recurrence and
lower long-term mortality following bacteraemia.
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Background
The mortality from bacteraemia remains high and bac-
teraemia is associated with serious patient morbidity
[1–4]. Antibiotic therapy is imperative in the treatment
of bacteraemia and treatment cannot await isolation
and identification of the microorganisms involved and
their antibiogram. Antibiotics are therefore given on an
empirical basis and early initiation of appropriate em-
pirical antibiotic treatment (EAT) has been associated
with markedly improved survival in patients with septic
shock [5]. Nevertheless, existing studies have provided
conflicting evidence of the association between appro-
priate EAT and short-term mortality for bacteraemic
patients [6–20]. It is likely that much of the controversy
stems from heterogeneity and inadequacy in study de-
signs, which make the comparisons of EAT and bacter-
aemia outcomes difficult [21, 22]. Moreover, there are
little data on the association between EAT and long-
term mortality following bacteraemia [23–25].
Another important adverse outcome of bacteraemia is
a recurrent bacteraemic episode. Few studies have inves-
tigated recurrence of bacteraemia and even more seldom
with the inclusion of all aetiologic agents [26–29]. Re-
cent population-based studies have demonstrated that
roughly one tenth of patients who survive their first
bacteraemic episode experience a recurrent episode
within the following year. This subsequent episode has
been identified as an important predictor of mortality
[26, 28, 30]. Only one prior study has investigated the
association between EAT and recurrence, finding that
inappropriate EAT was a predictor of recurrence [26].
The present population-based cohort study of patients
with a first episode of bacteraemia aimed to examine (i)
the incidence of recurrence by EAT status, and (ii) the
2–30-day and 31–365-day mortality by EAT status.
Methods
Setting
This population-based cohort study was conducted in
2007–2008 in three areas: the Copenhagen City area
(population ~625.000, served by five public hospitals),
the Copenhagen County area (population ~600.000,
served by three public hospitals) and the North
Denmark Region (population ~575,000, served by eight
public hospitals) [31]. In total, the population base com-
prised approximately 1/3 of the Danish population.
Unlimited access to health services free of charge is
provided to all Danish residents through a tax-funded
health care program. Only few patients, e.g. in need of
solid organ transplantation, were referred to hospitals
outside the area in which they resided. All Danish resi-
dents have a unique civil registration number, which is
used for all health-care contacts, permitting unambigu-
ous linkage between registries [32].
Data source
Data were obtained from the Danish Collaborative
Bacteremia Network (DACOBAN), which includes the
Departments of Clinical Microbiology (DCMs) in the
North Denmark Region (DCM Aalborg) and the greater
Copenhagen area (DCM Hvidovre and DCM Herlev)
and cover the years 2000–2011 [31]. These DCMs use
the same laboratory information system (ADBakt, Auto-
nik, Sweden) and the same electronic platform is used at
all three sites for real-time recording of key information
on bacteraemia patients. This has allowed a uniform
prospective registration of bacteraemias by physicians
and a common database has been developed through
linkage of data sets. The database includes the species,
type, and susceptibility pattern of the bacterial and fun-
gal isolates, origin of infection, suspected focus of infec-
tion (only for 2007–2008), and antibiotic treatment (at
the time of the first notification (=EAT) and the second
notification, only for 2007–2008), besides the patients’
age, gender, and day of admission. The data were linked
to the Danish National Patient Registry [33] and the
Danish Civil Registration System [32]. These registries
hold information on the dates of admission and dis-
charge and up to 20 physician-given discharge diagnoses,
classified according to the Danish version of the Inter-
national Classification of Diseases (ICD-10), and daily
updated records on the vital status of all Danish resi-
dents, including date of emigration or death.
Assessment of bacteraemia
Figure 1 describes the derivation of the study cohort.
The study comprised all patients with clinically and
microbiologically verified bacteraemia. To be eligible, pa-
tients had to have an incident episode of bacteraemia,
i.e. no prior bacteraemic episode during the preceding
365 days. Follow-up of recurrence and vital status was
conducted through 2009. Patients dying on days 0 and 1
were excluded for several reasons: bacteraemia has a
time-dependent progression that reflects the dynamic
interplay of the infectious agent, the host’s immune re-
sponses, and therapeutic interventions, including EAT.
The critical time for antibiotics to mitigate the lethal
effects of infection is generally not known, whereas
other interventions including goal directed therapy
have been shown to be effective within hours [34–36].
An episode of bacteraemia was defined as all clinic-
ally important blood culture isolates within the initial
two days of the drawing of the sentinel blood culture
(days 0 and 1) and any re-isolation of the same species
within 30 days. Polymicrobial bacteraemia was defined
as an episode with more than one clinically important
blood culture isolate detected within the initial two
days. Recurrent episodes of bacteraemia were deter-
mined by either blood culture isolate(s) of a different
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species obtained more than two days after the incident
episode or by blood culture of the same species more
than 30 days after the incident episode [26, 37, 38]. In
most cases, the arbitrary 30-day limit allows for time to
resolution of the infection or immediate failure of ther-
apy [39–41].
The infection was defined as community-acquired or
nosocomial according to the CDC criteria of 1988
[42]. In addition, healthcare-associated bacteraemia
was defined as an episode of bacteraemia in patients
with hospital contact within 30 days prior to admis-
sion (regular visits, e.g. for haemodialysis or chemo-
therapy, or a hospital stay) in accordance with the
definitions of Friedman et al. [43] except that we had
no data on home nursing or residency in nursing
homes.
Data were assessed for common skin contaminants
(Bacillus spp., Corynebacterium spp. Propionibacter-
ium spp., Micrococcus spp., and coagulase-negative
staphylococci). Isolation of these organisms from at
least two different sets of blood draws within a 5-day
period was required to fulfil the criteria for bacter-
aemia [44].
Assessment of EAT
We defined EAT as the antibiotic treatment given at the
1st notification of a positive blood culture. It was re-
corded as appropriate if given intravenously (except
fluoroquinolones, metronidazole, and fluconazole) and if
all the blood isolates were susceptible to one or more of
the antibiotics given. Inappropriate EAT covered re-
corded EAT that did not fulfil these criteria whereas un-
known EAT comprised unrecorded EAT.
Assessment of comorbidity
Charlson comorbidity index scores were calculated using
discharge data from the Danish National Patient Registry
as previously described [26, 45]. Three levels of the
index were defined: 0 (low), corresponding to no re-
corded underlying diseases implemented in the index,
1–2 (medium), and >2 (high).
Microbial identification and susceptibility testing
Blood cultures were processed using either the BacT/
Alert™ system (bioMérieux, Marcy l´Etoile, France)
(DCM Aalborg and DCM Hvidovre) or the BACTEC
9240™ system (Becton Dickinson, Sparks, MD, USA)
(DCM Herlev). The standard method for susceptibility
testing of non-fastidious bacteria was disk diffusion
(NeoSensitabs, Rosco, Taastrup, Denmark (DCM Aalborg)
or Oxoid, Basingstoke, UK) on Mueller-Hinton agar
(DCM Aalborg) or Iso-Sensitest (ISA) medium (DCM
Herlev and DCM Hvidovre). Minimum inhibitory concen-
tration (MIC) break-points were as recommended by The
Swedish Reference Group for Antibiotics with the excep-
tion that the wild-type population of Escherichia coli was
categorized as susceptible to ampicillin at DCMs Herlev
and Aalborg in accordance with national practice [46].
Susceptibility testing was standardized according to The
Swedish Reference Group for Antibiotics (now Nordi-
cAST). All three laboratories use Neqas external quality
control specimens.
Statistical analyses
We considered three different study outcomes: recur-
rence, 2–30 day mortality, and 31–365 day mortality.
The start of follow-up was defined as the date of the
sentinel blood culture.
Fig. 1 Derivation of the study population
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The data were first analysed using contingency tables.
Covariates were categorized as follows: age (0–15, 16–64,
65–79, 80+ years), gender, Charlson comorbidity index
scores (0, 1–2, >2), origin of infection (community-ac-
quired, nosocomial, healthcare-associated, unknown),
speciality (medicine, surgery, intensive-care unit, paedi-
atrics, unknown), group of microorganisms (monomi-
crobial Gram-positive, monomicrobial Gram-negative,
monomicrobial anaerobic, fungal, polymicrobial), and
focus of infection (urogenital, respiratory, abdominal,
miscellaneous, unknown).
Cumulative incidence curves of recurrence by EAT
status were computed, treating death as a competing
risk. The cause-specific hazard for recurrence (2–365
days) was modelled by a Cox proportional hazards
approach, treating death or end of follow-up period as
censored. Hazard ratios (HR) for inappropriate EAT
and unknown EAT were computed with 95% confi-
dence intervals (CIs) using appropriate EAT as refer-
ence group. The following covariates were controlled
for in the adjusted analyses: age, gender, Charlson co-
morbidity index score, origin of infection, speciality,
and group of microorganism. The focus of infection
was excluded due to correlation to microorganism and
because of missing values.
To illustrate mortality over time, we computed crude
survival curves (2-365 days mortality) stratified by EAT.
For 2-30 and 31-365 day mortality we used logistic re-
gression analysis to compute odds ratios (ORs) with 95%
CIs, using appropriate EAT as reference group, while
controlling for the same covariates as listed in the Cox
regression analysis.
Table 1 Baseline characteristics of the study cohort
Variable Categories Empirical Antibiotic Therapy
Appropriate (n = 3778) Inappropriate (n = 1290) Unknown (n = 1415)
Age, years 0–15 103 (3)a 25 (2) 62 (4)
16–64 1294 (34) 395 (31) 504 (36)
65–79 1279 (34) 476 (37) 457 (32)
80+ 1102 (29) 394 (31) 392 (28)
Gender Female 1883 (50) 539 (42) 630 (45)
Male 1895 (50) 751 (58) 785 (55)
Charlson comorbidity index score 0 1031 (27) 305 (24) 426 (30)
1–2 1421 (38) 476 (37) 497 (35)
>2 1326 (35) 509 (39) 492 (35)
Origin of infection Community acquired 2560 (68) 681 (53) 680 (48)
Nosocomial 674 (18) 435 (34) 285 (20)
Healthcare associated 506 (13) 150 (12) 135 (10)
Unknown 38 (1) 24 (2) 315 (22)
Speciality Medicine 2657 (70) 822 (64) 910 (64)
Surgery 887 (23) 352 (27) 373 (26)
Paediatrics 92 (2) 24 (2) 52 (4)
Intensive-care unit 133 (4) 83 (6) 72 (5)
Unknown 9 (0) 9 (1) 8 (1)
Group of microorganisms Monomicrobial Gram-negative 1444 (38) 398 (31) 605 (43)
Monomicrobial Gram-positive 2037 (54) 529 (41) 557 (39)
Monomicrobial anaerobic 104 (3) 54 (4) 97 (7)
Fungi 34 (1) 98 (8) 45 (3)
Polymicrobial 159 (4) 211 (16) 111 (8)
Focus of infection Urogenital 1287 (34) 405 (31) 224 (16)
Respiratory 499 (13) 75 (6) 74 (5)
Abdominal 508 (13) 204 (16) 199 (14)
Miscellaneous 564 (15) 145 (11) 219 (15)
Unknown 920 (24) 461 (36) 699 (49)
aNumber (%)
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We further reiterated the regression analyses for pa-
tients with monotherapy and combination therapy.
Statistical analyses were performed using Stata® SE
(StataCorp, College Station, TX, USA).
Results
Patient characteristics at the incident episode
We identified 6483 patients with an incident episode of
bacteraemia (Table 1). The median age was 71 years
(interquartile range, 59–82 years) and 3431 (53%) were
males. Appropriate EAT was given to 3778 (58%) pa-
tients, 1290 (20%) received inappropriate EAT, while
the EAT status was unknown in 1415 (22%) patients.
Compared with appropriate EAT, inappropriate EAT
was more frequent in males, patients with nosocomial
bacteraemia, polymicrobial bacteraemia, and unknown
focus of infection. The proportion of patients with
missing data on EAT was particularly high among pa-
tients with an unknown focus of infection (49%).
Monotherapy was more frequent among patients receiv-
ing inappropriate, compared to appropriate, EAT (Table 2).
Recurrence of bacteraemia
Within one year of the incident episode, 712 (11%) pa-
tients experienced a recurrent episode. 356 (50%) of
these patients died within one year of the incident epi-
sode (compared to 2012 (35%) patients who died within
one year after the incident episode without experien-
cing a recurrence). Among patients experiencing a
recurrence, 442 (62%) were male and the median time
between the two episodes of bacteraemia was 58 days
(interquartile range, 21–145 days). Most recurrent epi-
sodes were community-acquired (47%), 26% were noso-
comial, 23% were healthcare-associated and for 5% the
acquisition was unknown. The most common group of
microorganisms in recurrent episodes were monomi-
crobial Gram-negatives (47%), followed by monomicro-
bial Gram-positives (36%), polymicrobial (10%), fungi
(4%), and monomicrobial anaerobes (3%).
The incidence proportion of recurrent bacteraemia
one year after the incident episode was 9.9% in patients
receiving appropriate EAT, 13.6% in patients receiving
inappropriate EAT, and 11.4% in patients with unknown
EAT status (Fig. 2). When compared with patients re-
ceiving appropriate EAT the adjusted cause-specific HRs
of 2–365 day recurrence was 1.25 (95% CI = 1.03–1.52)
in patients who received inappropriate EAT and 1.31
(95% CI = 1.08–1.60) in patients with unknown EAT sta-
tus (Table 3).
Mortality after bacteraemia
Figure 3 presents mortality curves for patients during
days 2–365 following an incident bacteraemia by EAT
status. The 2–31 day mortality was 15.1% in patients
who received appropriate EAT compared to 17.4% in pa-
tients who received inappropriate EAT, whereas the cor-
responding percentages for day 31–365 were 22.3% and
30.7%, respectively. The corresponding adjusted ORs
(95% CI) were 0.85 (0.70–1.02) for 2–30 days and 1.35
(1.13–1.60) for 31–365 days (Table 4).
Regression analyses in patients with monotherapy
and combination therapy
None of the ORs or HRs deviated materially from the
ORs/HRs found in the whole study cohort (Additional
file 1: Table S1).
Discussion
This population-based study demonstrates that in-
appropriate EAT is associated with an increased risk of
bacteraemia recurrence and of long-term mortality. We
found that 11% of the bacteraemic patients experienced
a recurrent episode and the 1-year recurrence inci-
dence proportion was 1.4-fold higher for patients re-
ceiving inappropriate EAT than for patients receiving
appropriate EAT.
Table 2 Empirical antibiotic therapy in patients with a known
status of empirical antibiotic therapy





Mono versus combination therapy
Monotherapy 1830 (48)a 822 (64)
Two antibiotics in combination 1271 (34) 339 (26)
Three or more antibiotics in combination 677 (18) 129 (10)
Beta-lactam antibiotics
Penicillin 601 (16) 279 (22)
Ampicillin 263 (7) 104 (8)
Dicloxacillin 49 (1) 30 (2)
Piperacillin/tazobactam 225 (6) 69 (5)
Mecillinam 91 (2) 106 (8)
Cefuroxime 2168 (57) 485 (38)
Third generation cephalosporin 152 (4) 21 (2)
Meropenem 96 (3) 48 (4)
No beta-lactam 133 (4) 148 (11)
Other antibiotics
Gentamicin 900 (24) 101 (8)
Ciprofloxacin 538 (14) 176 (14)
Gentamicin & Ciprofloxacin 13 (<1) 3 (<1)
Neither 2327 (62) 1010 (78)
Metronidazole 1008 (27) 275 (21)
Antifungal agent 105 (3) 49 (4)
a Number (%)
Gradel et al. BMC Infectious Diseases  (2017) 17:122 Page 5 of 9
Our findings are consistent with prior studies that
have found recurrence rates around 10% in both non-
selected and selected populations [26–30, 47, 48]. Our
finding of inappropriate EAT as an independent pre-
dictor of recurrent bacteraemia is in accordance with an-
other Danish bacteraemia cohort for which we found an
adjusted OR of 1.29 (95% CI = 1.10–1.52) [26].
Inappropriate EAT was not associated with short-
term (2–30 days) mortality, an outcome measure that
has been studied intensively. Similar to our findings,
several studies have reported that inappropriate EAT
was not associated with short-term mortality with the
cautions that most of these studies included relatively
few patients and investigated either individual micro-
organisms or groups of microorganisms or only re-
ported in-hospital mortality [6, 11, 12, 20, 49–52].
Nonetheless, the majority of studies focusing on short-
term mortality have shown that inappropriate EAT is
associated with all-cause mortality as summarised by
two major reviews [21, 22]. Both reviews pointed out
that heterogeneity in study design, study populations,
time to outcome measures and methodological pitfalls
(e.g. the definition of inappropriate EAT and the dis-
tinction between empirical and definitive treatment)
contributes to the conflicting results.
In contrast, inappropriate EAT was a prognostic factor
for long-term mortality (31–365 days).
Our study’s 1-year mortality of 39.7% (including the
347 dying on day 0 or 1, cf. Fig. 1) is in accordance with
the few other population-based bacteremia studies that
have assessed this [25, 53]. Long-term mortality of bac-
teraemia is related to age and underlying disorders while
infection presumably plays a less direct role, although
the nature and severity of the initial infection as well as
direct and indirect complications arising from the acute
disease (e.g. organ dysfunction) may lead to considerable
mortality months or years later [25, 54]. Appropriate
EAT may reduce the harmful inflammatory response
leading to organ dysfunction by clearing the pathogen
and thereby influencing long-term mortality. The posi-
tive association between inappropriate EAT and long-
term mortality has previously been demonstrated for
Staphylocuccus aureus bacteraemia in a hospital-based
study [23, 24], but to the best of our knowledge only in
one study with a non-selected patient population com-
prising all common bacteraemia microorganisms [25].
The strengths of our study include the population-
based design, a large cohort, the recording of the pa-
tients’ clinical data by physicians during the course of
disease, and virtually complete follow-up. Still, there
Fig. 2 Cumulative incidence of recurrent bacteraemia following the incident bacteraemic episode, treating death as a competing risk





n (% of total)
Recurrent episode, day 2–365
n (%) Cause-specific Hazard Ratio (95% CI)
Crude Adjusteda
Appropriate 3778 (58) 375 (9.9) 1.0 (reference) 1.0 (reference)
Inappropriate 1290 (20) 176 (13.6) 1.50 (1.25–1.79) 1.25 (1.03–1.52)
Unknown 1415 (22) 161 (11.4) 1.23 (1.02–1.48) 1.31 (1.08–1.60)
a Adjusted for age, gender, Charlson index score, origin, speciality, and group of microorganism
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are limitations that require consideration. Firstly, our
retrospective study data were obtained through exist-
ing databases in which the clinical data were inad-
equate. In particular, 22% of the patients lacked
information on EAT. We categorized these patients
separately which may have introduced bias. Due to
limited clinical data, we were not able to control for
baseline severity of illness, which is one important
recommendation in designing outcome studies of bac-
teraemia according to EAT [21, 22]. However, we
adjusted for speciality as a surrogate marker for the
acute disease. Secondly, selected data from the
DACOBAN research database were from 2007 to 2008
though newer data exist. This was due to physicians’
meticulous and prospective registration of clinical in-
formation related to the focus of infection and anti-
biotic treatment during these two years. This partly
compensated for the inadequacy of clinical data. We
do not believe that data of newer antibiotic treatment
regimes in recent years would materially alter the re-
sults, which conform to studies from other settings
[12, 50]. Thirdly, the patient populations from the
three DCMs were heterogeneous in several respects.
Fourthly, the clinical data were recorded by many dif-
ferent registrars and consultants leaving room for both
missing data and variations reflecting individual judge-
ment which may lead to information bias. Also, ampi-
cillin MIC break-points were defined differently at
DCM Hvidovre, which may have introduced misclassi-
fication bias. However, this error potentially affected
less than 10 patients as ampicillin was rarely given as
monotherapy. Fifthly, we cannot rule out confounding
by indication as the efficacy of the different empirical
antibiotic regimens may not have been homogeneous.
Confounding by indication is an inevitable problem in
observational studies that involve drugs and the sever-
ity of illness can lead to a broader coverage of EAT,
especially in acute infectious disorders. We distin-
guished between appropriate and inappropriate EAT,
but did not stratify for which of the antibiotic(s) that
provided the appropriate EAT, e.g. a betalactam or an
aminoglucoside, nor dosage regimes and the actual
timing of EAT, which is important as shown previ-
ously [5, 7].
Fig. 3 Cumulative incidence of mortality following the incident bacteraemic episode





n (% of total)
2–30 day mortality 31–365 day mortalitya
n (%) Odds Ratio (95% CI) n (%) Odds Ratio (95% CI)
Crude Adjustedb Crude Adjustedb
Appropriate 3778 (58) 571 (15) 1.0 (reference) 1.0 (reference) 716 (22) 1.0 (reference) 1.0 (reference)
Inappropriate 1290 (20) 224 (17) 1.18 (1.00–1.40) 0.85 (0.70–1.02) 327 (31) 1.54 (1.32–1.80) 1.35 (1.13–1.60)
Unknown 1415 (22) 271 (19) 1.33 (1.13–1.56) 1.26 (1.05–1.50) 259 (23) 1.02 (0.87–1.20) 1.03 (0.85–1.24)
a For patients alive on day 30 (four patients who migrated between day 31 and 365 excluded)
b Adjusted for age, gender, Charlson index score, origin, speciality, and group of microorganism
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Conclusions
This study showed that inappropriate EAT was a pre-
dictor of recurrent bacteraemia and increased the
long-term mortality following bacteraemia, whereas it
had no impact on the short-term mortality. These find-
ings have clinical importance and highlight the import-
ance of vigilance in the identification and antibiotic
treatment of bacteraemia. Identification of patients and
characteristics associated with inappropriate EAT may
contribute to empirical prescribing guidelines and
thereby improve EAT.
Additional file
Additional file 1: Table S1. Table heading: Mortality and recurrence
risks for inappropriate empirical antibiotic therapy (EAT) patients
(appropriate EAT patients is the reference group). (DOCX 14 kb)
Abbreviations
CI: Confidence interval; DCM: Departments of Clinical Microbiology;
EAT: Empirical antibiotic treatment; HR: Hazard ratio; ICD: International
Classification of Diseases; MIC: Minimum inhibitory concentration; OR: Odds ratio
Acknowledgements
We are indebted to our colleagues participating in the registration of
clinical data as part of their daily service in the participating departments
of clinical microbiology.
Contributing members of The Danish Collaborative Bacteraemia Network
(DACOBAN) include Østergaard C., Knudsen J.D., Jensen U.S., Arpi M., Pinholt
M., Thønnings S. (Copenhagen, Denmark), Schønheyder H.C., Søgaard M.,
Koch K., Smit J. (Aalborg, Denmark), and Gradel K.O. (Odense, Denmark).
Funding
None.
Availability of data and materials
Due to Danish legislation, the datasets generated and analyzed during the
current study are not publicly available, but data encrypted to a degree in
which personal identification of the study patients is not possible may be
available from the corresponding author on reasonable request.
Authors’ contributions
USJ and SW designed the study. KOG, USJ, and SW prepared and analyzed
the data. KOG and USJ wrote the draft. All authors have read and approved
the final manuscript.
Competing interests
USJ has received travel grants from “Christian & Ottilia Brorsons Rejselegat”
and “Niels & Desiree Ydes Fond” as well as funds for travel from MSD.
JDK has received funds for speaking, consultancy, advisory board
membership, travel from Glaxo-SmithKCline, Pfizer, MSD, Gilead, Leo
pharmaceuticals, and Astellas.
The authors had complete autonomy in the design and conduct of the




Ethics approval and consent to participate
The study was approved by the Danish Data Protection Agency (record no.
2016-41-4746). Approval by an ethics committee or consent from participants
(including next of kin/caregiver for children or deceased) is not required for
registry-based research in Denmark.
Author details
1Center for Clinical Epidemiology, South, OUH Odense University Hospital,
Kløvervænget 30, Entrance 216, DK-5000 Odense C, Denmark. 2Research Unit
of Clinical Epidemiology, Institute of Clinical Research, University of Southern
Denmark, Odense, Denmark. 3Department of Clinical Microbiology, Slagelse
Hospital, Slagelse, Denmark. 4Department of Clinical Microbiology, Aalborg
University Hospital, Aalborg, Denmark. 5Department of Clinical Medicine,
Aalborg University, Aalborg, Denmark. 6Department of Clinical Microbiology,
Copenhagen University Hospital, Hvidovre, Denmark. 7Department of Clinical
Epidemiology, Institute of Clinical Medicine, Aarhus University Hospital,
Aarhus, Denmark.
Received: 16 November 2016 Accepted: 31 January 2017
References
1. Søgaard M, Nørgaard M, Dethlefsen C, Schønheyder HC. Temporal changes
in the incidence and 30-day mortality associated with bacteremia in
hospitalized patients from 1992 through 2006: a population-based cohort
study. Clin Inf Dis. 2011;52:61–9.
2. Laupland KB, Gregson DB, Flemons WW, Hawkins D, Ross T, Church DL.
Burden of community-onset bloodstream infection: a population-based
assessment. Epidemiol Infect. 2007;135:1037–42.
3. Uslan DZ, Crane SJ, Steckelberg JM, Cockerill III FR, St Sauver JL, Wilson WR,
Baddour LM. Age- and sex-associated trends in bloodstream infection:
a population-based study in Olmsted County, Minnesota. Arch Intern Med.
2007;167:834–9.
4. Skogberg K, Lyytikainen O, Ollgren J, Nuorti JP, Ruutu P. Population-based
burden of bloodstream infections in Finland. Clin Microbiol Infect. 2012;18:
E170–6.
5. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, Suppes R,
Feinstein D, Zanotti S, Taiberg L, et al. Duration of hypotension before
initiation of effective antimicrobial therapy is the critical determinant of
survival in human septic shock. Crit Care Med. 2006;34:1589–96.
6. Lye DC, Earnest A, Ling ML, Lee TE, Yong HC, Fisher DA, Krishnan P, Hsu LY.
The impact of multidrug resistance in healthcare-associated and nosocomial
Gram-negative bacteraemia on mortality and length of stay: cohort study.
Clin Microbiol Infect. 2012;18:502–8.
7. Kang CI, Kim SH, Park WB, Lee KD, Kim HB, Kim EC, Oh MD, Choe KW.
Bloodstream infections due to extended-spectrum beta-lactamase-
producing Escherichia coli and Klebsiella pneumoniae: risk factors for
mortality and treatment outcome, with special emphasis on antimicrobial
therapy. Antimicrob Agents Chemother. 2004;48:4574–81.
8. Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH. The influence of
inadequate antimicrobial treatment of bloodstream infections on patient
outcomes in the ICU setting. Chest. 2000;118:146–55.
9. Micek ST, Lloyd AE, Ritchie DJ, Reichley RM, Fraser VJ, Kollef MH.
Pseudomonas aeruginosa bloodstream infection: importance of appropriate
initial antimicrobial treatment. Antimicrob Agents Chemother. 2005;49:
1306–11.
10. Zaragoza R, Artero A, Camarena JJ, Sancho S, Gonzalez R, Nogueira JM.
The influence of inadequate empirical antimicrobial treatment on patients
with bloodstream infections in an intensive care unit. Clin Microbiol Infect.
2003;9:412–8.
11. Kim SH, Park WB, Lee CS, Kang CI, Bang JW, Kim HB, Kim NJ, Kim EC,
Oh MD, Choe KW. Outcome of inappropriate empirical antibiotic therapy in
patients with Staphylococcus aureus bacteraemia: analytical strategy using
propensity scores. Clin Microbiol Infect. 2006;12:13–21.
12. Thom KA, Schweizer ML, Osih RB, McGregor JC, Furuno JP, Perencevich EN,
Harris AD. Impact of empiric antimicrobial therapy on outcomes in patients
with Escherichia coli and Klebsiella pneumoniae bacteremia: a cohort study.
BMC Infect Dis. 2008;8:116.
13. Leibovici L, Shraga I, Drucker M, Konigsberger H, Samra Z, Pitlik SD.
The benefit of appropriate empirical antibiotic treatment in patients with
bloodstream infection. J Intern Med. 1998;244:379–86.
14. Ortega M, Almela M, Martinez JA, Marco F, Soriano A, Lopez J, Sanchez M,
Munoz A, Mensa J. Epidemiology and outcome of primary community-
acquired bacteremia in adult patients. Eur J Clin Microbiol Infect Dis. 2007;
26:453–7.
15. Schweizer ML, Furuno JP, Harris AD, Johnson JK, Shardell MD, McGregor JC,
Thom KA, Sakoulas G, Perencevich EN. Empiric antibiotic therapy for
Gradel et al. BMC Infectious Diseases  (2017) 17:122 Page 8 of 9
Staphylococcus aureus bacteremia may not reduce in-hospital mortality:
a retrospective cohort study. PLoS One. 2010;5:e11432.
16. Lodise Jr TP, Patel N, Kwa A, Graves J, Furuno JP, Graffunder E, Lomaestro B,
McGregor JC. Predictors of 30-day mortality among patients with Pseudomonas
aeruginosa bloodstream infections: impact of delayed appropriate antibiotic
selection. Antimicrob Agents Chemother. 2007;51:3510–5.
17. Hsieh CC, Lee CC, Chan TY, Hong MY, Chi CH, Ko WC. Clinical features and
impact of empirical therapy in cirrhotic adults with community-onset
bacteremia. Am J Emerg Med. 2015;33:222–8.
18. Park H, Jang KJ, Jang W, Park SH, Park JY, Jeon TJ, Oh TH, Shin WC, Choi WC,
Sinn DH. Appropriate empirical antibiotic use and 30-d mortality in cirrhotic
patients with bacteremia. World J Gastroenterol. 2015;21:3587–92.
19. Tellor B, Skrupky LP, Symons W, High E, Micek ST, Mazuski JE. Inadequate
Source Control and Inappropriate Antibiotics are Key Determinants of
Mortality in Patients with Intra-Abdominal Sepsis and Associated
Bacteremia. Surg Infect (Larchmt). 2015;16:785–93.
20. Yoon YK, Park DW, Sohn JW, Kim HY, Kim YS, Lee CS, Lee MS, Ryu SY,
Jang HC, Choi YJ, et al. Effects of inappropriate empirical antibiotic therapy
on mortality in patients with healthcare-associated methicillin-resistant
Staphylococcus aureus bacteremia: a propensity-matched analysis. BMC
Infect Dis. 2016;16:331.
21. McGregor JC, Rich SE, Harris AD, Perencevich EN, Osih R, Lodise Jr TP,
Miller RR, Furuno JP. A systematic review of the methods used to assess the
association between appropriate antibiotic therapy and mortality in
bacteremic patients. Clin Infect Dis. 2007;45:329–37.
22. Paul M, Shani V, Muchtar E, Kariv G, Robenshtok E, Leibovici L. Systematic
review and meta-analysis of the efficacy of appropriate empiric antibiotic
therapy for sepsis. Antimicrob Agents Chemother. 2010;54:4851–63.
23. Hanses F, Spaeth C, Ehrenstein BP, Linde HJ, Scholmerich J, Salzberger B.
Risk factors associated with long-term prognosis of patients with
Staphylococcus aureus bacteremia. Infection. 2010;38:465–70.
24. Fatkenheuer G, Preuss M, Salzberger B, Schmeisser N, Cornely OA,
Wisplinghoff H, Seifert H. Long-term outcome and quality of care of
patients with Staphylococcus aureus bacteremia. Eur J Clin Microbiol Infect
Dis. 2004;23:157–62.
25. Leibovici L, Samra Z, Konigsberger H, Drucker M, Ashkenazi S, Pitlik SD.
Long-term survival following bacteremia or fungemia. JAMA. 1995;274:807–12.
26. Jensen US, Knudsen JD, Østergaard C, Gradel KO, Frimodt-Møller N,
Schønheyder HC. Recurrent bacteraemia: A 10-year regional population-based
study of clinical and microbiological risk factors. J Infect. 2010;60:191–9.
27. Capdevila JA, Almirante B, Pahissa A, Planes AM, Ribera E, Martinez-Vazquez
JM. Incidence and risk factors of recurrent episodes of bacteremia in adults.
Arch Intern Med. 1994;154:411–5.
28. Jensen US, Knudsen JD, Wehberg S, Gregson DB, Laupland KB. Risk factors
for recurrence and death after bacteraemia: a population-based study. Clin
Microbiol Infection. 2011;17:1148–54.
29. Miller PJ, Farr BM. Morbidity and mortality associated with multiple episodes
of nosocomial bloodstream infection: a cohort study. Infect Control Hosp
Epidemiol. 1989;10:216–9.
30. Al-Hasan MN, Eckel-Passow JE, Baddour LM. Recurrent gram-negative
bloodstream infection: a 10-year population-based cohort study. J Infect.
2010;61:28–33.
31. Gradel KO, Schønheyder HC, Arpi M, Knudsen JD, Østergaard C, Søgaard M.
The Danish Collaborative Bacteraemia Network (DACOBAN) database.
Clin Epidemiol. 2014;6:301–8.
32. Schmidt M, Pedersen L, Sorensen HT. The Danish Civil Registration System
as a tool in epidemiology. Eur J Epidemiol. 2014;29:541–9.
33. Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, Sorensen
HT. The Danish National Patient Registry: a review of content, data quality,
and research potential. Clin Epidemiol. 2015;7:449–90.
34. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E,
Tomlanovich M, Early Goal-Directed Therapy Collaborative G. Early goal-
directed therapy in the treatment of severe sepsis and septic shock. New
Engl J Med. 2001;345:1368–77.
35. Halm EA, Fine MJ, Marrie TJ, Coley CM, Kapoor WN, Obrosky DS, Singer DE.
Time to clinical stability in patients hospitalized with community-acquired
pneumonia: implications for practice guidelines. JAMA. 1998;279:1452–7.
36. Berjohn CM, Fishman NO, Joffe MM, Edelstein PH, Metlay JP. Treatment and
outcomes for patients with bacteremic pneumococcal pneumonia.
Medicine (Baltimore). 2008;87:160–6.
37. Roberts FJ. Definition of polymicrobial bacteremia. Rev Infect Dis. 1989;11:
1029–30.
38. Weinstein MP, Murphy JR, Reller LB, Lichtenstein KA. The clinical significance
of positive blood cultures: a comprehensive analysis of 500 episodes of
bacteremia and fungemia in adults. II. Clinical observations, with special
reference to factors influencing prognosis. Rev Infect Dis. 1983;5:54–70.
39. Pedersen G, Schønheyder HC, Sørensen HT. Source of infection and other
factors associated with case fatality in community-acquired bacteremia - a
Danish population-based cohort study from 1992 to 1997. Clin Microbiol
Infect. 2003;9:793–802.
40. Olesen B, Kolmos HJ, Orskov F, Orskov I. Escherichia coli bacteraemia in
patients with and without haematological malignancies: a study of strain
characters and recurrent episodes. J Infect. 1998;36:93–100.
41. Freundlich M, Thomsen RW, Pedersen L, West H, Schonheyder HC.
Aminoglycoside treatment and mortality after bacteraemia in patients
given appropriate empirical therapy: a Danish hospital-based cohort study.
J Antimicrob Chemother. 2007;60:1115–23.
42. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC definitions for
nosocomial infections, 1988. Am J Infect Control. 1988;16:128–40.
43. Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, Lamm W,
Clark C, MacFarquhar J, Walton AL, et al. Health care–associated bloodstream
infections in adults: a reason to change the accepted definition of community-
acquired infections. Ann Intern Med. 2002;137:791–7.
44. Trick WE, Zagorski BM, Tokars JI, Vernon MO, Welbel SF, Wisniewski MF,
Richards C, Weinstein RA. Computer algorithms to detect bloodstream
infections. Emerg Infect Dis. 2004;10:1612–20.
45. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40:373–83.
46. DANMAP. Use of antimicrobial agents and occurrence of antimicrobial
resistance in bacteria from food animals, foods and humans in Denmark. 2007.
[http://www.danmap.org/Downloads/Reports.aspx]. Accessed 1 Nov 2011.
47. Mylotte JM, McDermott C. Recurrent gram-negative bacteremia. Am J Med.
1988;85:159–63.
48. Wendt C, Messer SA, Hollis RJ, Pfaller MA, Wenzel RP, Herwaldt LA.
Recurrent gram-negative bacteremia: incidence and clinical patterns. Clin
Infect Dis. 1999;28:611–7.
49. Kang CI, Chung DR, Ko KS, Peck KR, Song JH, Korean Network for the Study of
Infectious D. Risk factors for mortality and impact of broad-spectrum
cephalosporin resistance on outcome in bacteraemic intra-abdominal
infections caused by Gram-negative bacilli. Scand J Infect Dis. 2011;43:202–8.
50. Asgeirsson H, Kristjansson M, Kristinsson KG, Gudlaugsson O. Staphylococcus
aureus bacteraemia–Nationwide assessment of treatment adequacy and
outcome. J Infect. 2011;62:339–46.
51. Rebelo M, Pereira B, Lima J, Decq-Mota J, Vieira JD, Costa JN. Predictors of
in-hospital mortality in elderly patients with bacteraemia admitted to an
Internal Medicine ward. Int Arch Med. 2011;4:33.
52. Endimiani A, Tamborini A, Luzzaro F, Lombardi G, Toniolo A. A two-year
analysis of risk factors and outcome in patients with bloodstream infection.
Jpn J Infect Dis. 2003;56:1–7.
53. Nielsen SL, Lassen AT, Gradel KO, Jensen TG, Kolmos HJ, Hallas J, Pedersen C.
Bacteremia is associated with excess long-term mortality: A 12-year
population-based cohort study. J Infect. 2015;70:111–26.
54. Laupland KB, Svenson LW, Gregson DB, Church DL. Long-term mortality
associated with community-onset bloodstream infection. Infection.
2011;39:405–10.
Gradel et al. BMC Infectious Diseases  (2017) 17:122 Page 9 of 9
